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EXECUTIVE SUMMARY

As a student of MBA in Power Management from National Power Training Institute, | got an
opportunty to do my summer internship atedanta Sterlite, whit is a very modern and
designatedndependenthermal power plant in Odisha with a generation capacity of 2400 MW.
During the period of my internship; | got the opportunity to work and analyze the operational

regulatory compliances of the thermal powenpla

Regulatory compliance and various other environmental standards haeentetnecessarily
during the operation of the thermal power plant. Indian Electricity Grid Code, Standards of
Operational Performance for Tariff Determination by CERC, Ash hamdiinilization and
disposal, Emission Standards, water procurement and discharge Standards byNUQ&Fy

of Environment and Forésare some very important regulations that defines the boundaries for
the successful and mutually profitable operatioa tfermal power plant.

This report is concentrated on defining and analyzing the above mentioned standards and
regulations. It focuses on the successful compliance with these regulations while preventing
undesired penalties and making maximum profit thhawg the operation. Report also describes
new ways and opportunities as PAFerform Achieve & Trade) mechanism of Gol to make

profit while making a brand reputation in the market.

By the year 2015 Vedanta would be requiring reduced APC to meet the Rarstsand avoid
monetary loss due to purchase of the APC certificates. There are many steps taken towards th
reduction to 6.5% from the current 8.6%. If APC is reduced furthermore, it would provide an
opportunity to trade the surplus certificates acaglire

Vedanta is having a modern wateonsumption mechanism and an ultnadern CSDS
(Concentrated Slurry Disposal Systenit) leads to very good figures of water consumption
(currently 35M3/MW) when compared to the Indian Indust®b M3/ MW), but it shevs a huge

potential of reduction when compared to international standaéds’®/ MW).

(4]
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CHAPTER 1
COMPANY PROFILE

Vedanta Aluminium Ltd is an associate company of

London Stock Exchange listed, FTSE gersified resources % VEdantﬂ

group Vedanta Resources Plc. Originally incorporated in 2

VAL is a leading producer of metallurgical grade alumina and other aluminium products, which

cater toa wide spectrum of industries.

VAL has carved out a niche for itseff the aluminium industry with its superior product
guality based on stat&f-the-art technology. The firm operates a 1 mtpa greenfield alumina
refinery and an associated 75 MW captive power plant at Lanjigarh in the state of Orissa. Plans
are afoot to inease the capacity of the Lanjigarh refinery significantly to 5 mtpa. This is in line
with VALOs strategy to promote Lanjigarh as

advantage and resource availability.

VAL has invested in a 0.5 mtpa alumim smelter and 1215 MW captive power plant
supported by highly modern infrastructure at Jharsuguda, Orissa. In addition to this, construction
of 1.1 mtpa aluminium smelter expansion project at Jharsuguda is under process. The company
intends to expand thiellly integrated aluminium smelting capacity to around 2.6 mtpa in near

future.

Jharsuguda is also the site of the 2400 MW Independent Power Plant being set up by
group company Sterlite Energy Ltd to meet the growing demand for power from both urban and

rural consumers.

The idea of sustainable development i s d
is committed to the socieconomic transformation of local communities residing around the
plant sites and undertakes several initiatives to promote saiskaidevelopment. The firm has
focused on developing modern health amenities, educational facilities for children and skill
development programmes for adults. Several other programmes have been undertaken tc
enhance health and sanitation, promote livelthgeneration and improve infrastructure in the
villages surrounding Jharsuguda and Lanjigarh. The firm believes that its development initiatives

11




will encourage a dedicated team of self motivated individuals to participate and drive the

company 0 sthegutueewt h i n
Vedanta
Resources
79.4<%l 70.5’/ch 54.6’/01 94.8%l 55.1%l 40.1°/<i
Konkola Vedanta Sterlite Madras Sesa Cain
. . 4— . . . I -
qupe Aluminium 29 3% Industries <_3.6% Aluminium Goa _>18 iy _ncﬁa
Mines : Limited
4 51%
151.(% 74% l 100% l 100%
y
Bharat Sterlite Australian Liberia
Aluminium Mountain Energy Copper Iron Ore
Mines Assets
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About Sterlite Energy Limited (SEL):

Sterlite Energy Limited (SEL) is a part of

Vedanta Resources plc , a London listed FTSE | \ STE RLITE
diversified metals and mining major withiuinium, | %, *‘ :.’ ENERGY

Copper, Zinc and Iron ore operations in India;

Australia and Zambia, and a subsidiary of Vedanta group flagship company, Sterlite Industries
(India) Limited. SEL was established to develop, construct and operate power plants and seeks tc

becomeoe of Indiads | eading commercial power

SEL is well positioned to capitalize on
coal reserves to develop a commercial power generation business. It shall benefit from Vedanta
g r o u ppérisnced and focused management with strong project execution skills, experience in
building and operating captive power plants, substantial experience in mining activities and the

capacity to finance worldlass projects.

Jharsugda Power Project:

Stetite Energy Ltd has taken a major initiative towards the advancement of the power
infrastructure in Orissa through its 4 x 600 MW ebaked independent power plant (IPP) in
Jharsuguda district. The IPP project envisages a total capital outlay of Rsci&230 The two
units have commenced commercial operation since November 2010 and April 2011 respectively.

The project is expected to be fully commissioned in the third quarter of Fiscal 2012.

The power plant entails a number of pioneering achievememit ilndian power sector.
Each of its four units has a capacity of 600 MW, which makes the units the largest commissioned
in India till date. One of the largest coal handling plants to handle 44,000 MT of coal per day,
which is equivalent to 14 rakes obal a day and a power generation capacity to produce 57
million units/day. In addition to this, a Hybrid ESP with fabric filter is being deployed for the
first time in an Indian power plant. The plant also has a dudldwWsteam turbine and four 160
metas high natural draft cooling towers. Other important features of the plant include two 275
meters high muliflue stacks and a high concentration slurry disposal (HCSD) system for dry

ash and highly concentrated slurry.

13
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The company has made extensive rageaments to source raw materials for the power
plant. The Hirakud Reservoir is being used as a water source antheoethief raw material, is
being derived from the IB Valley coalfield. Power would be supplied to consumers through the

high-voltage powetines.

As a prime advocate of sustainable development, Sterlite Energy Ltd. puts a premium on
environmentally friendly construction technology. The plant employs hybrid ESP and fabric
filter which maintains stack emission < 50 mg/m3 and HCSD system Hfodiaposal, which
results in very low consumption of water compared to wet slurry system. The Jharsuguda IPP

would therefore be a zero effluent discharge plant with stack emission

For actualization of Vision for Global Benchmark Performance, the Companyeldaup
for Operation & Maintenance ofhe station with Evonik Energy Services (India) Pvt. Ltd., a
wholly owned subsidiary of Evonik Energy Services GmbH, Germany having 70 years of

experience in O&M of Coal fired thermal Power Plants of big size.

14




Independent Power Plant

Jharsugda, Odissa

Proposed Installed Capacity

2,4000 MW (600 X 4 MW)

Technology

Thermal SukCritical

EPC Contractor

Sepco lll, Chaina

O&M Contractor

Evonik Energy Services (India) Pvt. Ltd.

Estimated Coal Requirement

Approximatey 12.49 mtpa

Coal Supply Status

112.22 million tons coal block allocated(z
provisional coal linkage of 2.57 mty
received, which will be sufficient for th
generation of a substantial portion of {
power in the first 600 MW unit, and co
linkage withrespect to 1,800 MW of capaci
applied for.

Commissioning of the Units

First- August 2010

Second January 2011

Estimated Project Cost

82,000 Million
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CHAPTER-2

Review of Indian Power Generation Sector

Indian Economy & Power Requirement:

India expeienced unprecedented economic growtB%# for the last several yearBven
after factoring recent developments in global economy & local scenario, India is likely to
maintain 9% economic growth over I2FYP. These growth rates are fairly higher thha t
economic growths observed in developed world and they are likely to increase our energy

requirement at even higher rate.

India is currently facing energy shortage of 8.5% and peak shortage of*18S83per the
12"FYP, I ndi ads e n e 6%peradnanama welwouwd réqliire igstalbed/ power
generation capacity of about 100 Gigawatts (GWe power requirement, besides economic

growth, is also driven by Governmentods aim

Given the above scenario, it is becomingr@asingly important for India to operate
existinggeneration assets at peak of their capacity besides new capacity additions. A number of
plants today are running at saptimal plant load factor (PLF) levels due to various issues like
fuel shortages, umgnned shutiown due to poor maintenance and time taken to rectify the
problems. While, we have observed improvements in Plant Load Factor (PLF) of generating
plants (from 57.1% in year 1993 to 75.1% in year 201D1%), still there is significant
improveament possible.

! Report of the working group on power for 12th plan

2 Reportof the working group on power for 12th plan

3 National Electricity Plan (volume 1) Generation Repaanuary 2012

4 CEA: Operaion performance of generating stations in the country during the yearl1010

16

t




CHAPTER 3
3.1 INTRODUCTION TO UNSCHEDULED INTERCHANGE
MECHANISM

Unscheduled Interchange (Ul) is the mechanism developed to improve grid efficiency, grid
discipline, accountability and responsibility by imposing charges on those whdfrdefetheir
scheduled generation or drawal. Unscheduled generation and drawal of electricity puts the whole
grid and many other electrical equipment in to danger by dumping large fluctuations in
frequencies. Unscheduled Interchange is a part of threaagp#ftput forward by Gol in the
name of Availability Based Tariff on 4th January 2000 at istate level. A proposal for ABT,
as a thregoart tariff, was first mooted in the year 1994 in a report submitted by an International
Consultant (ECC Report) tthe Government of India. The Government then constituted a
National Task Force (NTF) as well as Regional Task Force (RTFs) to debate on various issues in
the introduction of ABT for bulk power. Based on the recommendation of NTF, Central
Government has ppared a draft notification and submitted to Central Electricity Regulatory
Commission (CERC) for finalization. As a result ABT was implemented at different regions at
these dates.

1 Western Region: 1st July 2002

1 Northern Region: 1st December 2002

1 SoutherrRegion: 1st January 2003

1 Eastern Region: 1st April 2003

1 North Eastern Region: 1st October 2003
Any power plant is having fixed and variable costs, the fixed cost comprise of interest on loan &
working capital, return on equity, O&M expenses, insurateoess & depreciation. The variable
costs are the fuel costs. In Availability Based Tariff these two costs are treated separately. The
payment of fixed cost is dependent on Availability of the plant, i.e. whether the plant is available
for MW generation onot on a day to day basis. The amount payable to the company as a part of
fixed cost depends on the average availability of the plant over the year. If the average

availability of the plant over the year is more than the specified norm of the plangnietpr
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gets higher payment and vice versa. This first component of the ABT is also called as the
ACapacity Chargeo.

The second part of this ABT is the variable cost i.e. the energy charge which is charged as per
the fuel consumption given by the schexdaf the day and not on the actual generation. If there
are deviations in generation, i.e. if scheduled generation of the plant is 100 MW and the plant
generates 110 MW, the energy charge would still be paid for 100 MW of energy generation and
the remainig 10 MW will be paid as per the system conditions prevailing during that extra
generation. If the grid alreadyad surplus power when this extra 10 MW was generated and the
frequency was above 50 Hz the rate at which this power is sold will be lower @ndersa.

This leads us to conclude thtaere are three parts in ABT; Capacity charge , Energy charge and
the Payment for deviations from schedule at the conditions prevailing at the tideviation.

The negative third part would signify that the papiie made by the generator for violating the

schedule.

3.2 BACKGROUND

The regulations for implementation of Availability Based Tariff (ABT), which included
Unscheduled Interchange (Ul) charge as an additional tariff component, were put in place by the
Central Electricity Regulatory Commission (CERC) in January 2000, well before the enactment
of Electricity Act (EA) in June 2003. Prior to the implementation of ABT, fluctuations in grid
frequency were quite significant, ranging between 48 and 52 Hz. VBih iA place in early

2000, CERC as well as Indian Electricity Grid Code regulations stipulated a frequency range
between 49 Hz and 50.5 Hz, which although an improvement over the existing condition were
still higher than the internationally accepted norhgiad frequency at 50 Hz with variation of
+/-0.2 Hz. Subsequently, the ABT mechanism was implemented in a pimasgkr across the

five regions of India by the end ofYC2003, and has seen some success in curtailing the wide
variations in the frequencyrgfile. Further, in order to improvise grid discipline across regions,
CERC has revised the norms for Ul pricing several times through separate orders, as directed ir
EA-2003. This note aims to capture the recent amendments in Ul & Grid Code norms and the

implications of the same on buyers and sellers in the power sector.
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3.3 PRE UI ABT SCENARIO

Power system of a country is a manifestation of its society. The indiscipline, lawlessness and
absence of accountability prevailing in the Indian society weiel&isven in power system
operation. Till recently regional power system operation was more frightening than an Alfred
Hitchcock horror movie. Scholars could be excused for getting a shock of their lives by a mere
glance at the daily frequency and voltggefile of any region. Systeperation was an endless

effortto prevent the system from collapsing.

The central public sector generation incentives were linked to the actual production and
not on availability. Generators would continue to pump in as nemengy into the system as
they could irrespective of the system frequency and still be rewardeldefovastage of scarce
resources.The load serving utilities/SEBs would compare the variable cost of their own
generators to the composite cost (sunk coshergy charge) of the external generator causing a
skewed dispatch. Ironically, the Regional Grid operators had a harrowing time trying to get
generation backed down to protect the turbines of the very generators causing that situation. On
the other endfahe spectrum, the state utilities could overdraw from the grid with impunity even
during deficit and still escape Seioee by returning equivalent energy to the system during

surplus conditions. No wonder there was chaos and despair all around.
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3.4 OBJECTIVE OF REGULATORY

AThe objective of these regulations is to ma
Code through the commercial nremism of Unscheduled Interchange Charges by controlling
the users of the grid in scheduling, dispatigh

- Central Electricity Regulatory Commission (Unscheduled Interchange

charges and related matters) Regulations, 2009.

1 SCOPE
These regulations shall be applicablé to
() the generating stations and the beneficiaries, and
(ii) sellers and buyers involved in the transaction facilitated through 5[short term open access or
medium term open access] or letegm access in inteBtae transmission of electricity.
- Central Electricity Regulatory Commission (Unscheduled Interchange

charges and related matters) Regulations, 2009.

3.5 INTRODUCTION TO Ul ABT STRUCTURE

An interconnected system with thousands of kilometers of lineshandreds ofgenerabrs
opekting with split second synchronism is the greatest sciemttheevement of the millennium.
It isthe largest single machine ever created

Components of Availability Based Tariff The tariff under the k#tate ABT regime shihave
three components, namely fixed charges, energy charges aschb&duled Intechange charges
(Ul Charges).

The fixed charges shall be linked to Availability and variable charges to scheduled energy.
Unscheduled Interchange (UI) rate shall be appleéor the deviations from the schedule.

1 Fixed Charges/Capacity Charges:

(i) Capacity charges of the generators shall be payable by users on the capacity allocated to them,

irrespective of the quantum of power they draw or scheduled to draw.

(i) Capacityc har ges shal l be related to 6Availabil]it
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iii) Capacity <charges at various OAvail abi
OERC Regulations / guidelines. Recovery of capacity charges below the level of such target

Availability shall be on praata basis. At zero Availability, no capacity charges shall be payable.

(iv) The requirements of Deemed Generation (DG) shall not be necessary for working out
Avalilability as the energy charges shall be payable ebusxschedald energy corresponding to

scheduled generation.

1 Energy Charges:
(i) Energy charges or variable charges shall be payable by every user on

the scheduled energy irrespective of actual drawl.

(i) Energy charges shall be worked out in accordance with OERC

Regulations / guidelines.
1 Unscheduled Interchange (Ul) Charges

() Variation between actual generation or actual drawl and scheduled generation or scheduled

drawl shall be accounted for through Unscheduled Interchange (Ul) charges.

(i) Ul charges are payablby the users/suppliers for the deviations from the schedule and are

dependent on the frequency prevailing at that point of time.

(i) Ul for a generating station shall be equal to its actual generation minus its scheduled

generation.

(iv) Ul for a userincluding open access customer shall be equal to its total actual drawl minus its

total scheduled drawl.

(v) The Ul rates and threshold frequencies as determined from time to time by CERC in its Tariff
Regulations shall apply to the users of the kstae grid for each 15 minute block linked to

frequency.

(vi) The existing rates of Ul as approved by CERC (and amended from time to time) and shown
in the appended schedule shall apply to hfatate ABT.
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(vii) In respect of the following only Ul charge coonent of the IntraState ABT shall be
applicable:
a) Users wheeling their captive power;
b) All consumers with captive/ egeneration with capacity of 5 MVA and above in
parallel operation with the GRID with a possibility to inject inadvertent powr i
GRID.

3.6 UNSCHEDULED INTERCHANGE (Ul) CHARGES  REGULATIONS
(OPERATIONAL)

The charges for the Unscheduled Interchanges for all thebiime&s shall be payable for over
drawl by the buyer or the beneficiary and undgection by the generating si@ah or the seller
and receivable for undedrawl by the buyer or the beneficiary and owgection by the
generating station or the seller and shall be worked out on the average frequency dilactime
at the rates specified in the Schedule A of thegelations as per the methodology specified in
clause(2) of this regulation.

Provided that the charges for the Unscheduled Interchange for the generating
stations using coal or lignite or gas supplied under Administered Price Mechanism (APM) as the
fuel, when actual generation is higher or lower than the scheduled generation, shall not exceed
the Cap Rate as specified in the Schedule A of these regulations as per the methodology

specified in clause (3) of this regulation

Provided further that the Chamggdor the Unscheduled Interchange for the
injection by a generating station other than the hydro generating station in excess of 105% of the
Declared Capacity of the station in a time block or in excess of 101% of the average Declared
Capacity over a dayhall not exceed the charges for the Unscheduled Interchange corresponding
to grid frequency Hiandnetbalowb0.0ddz débel ow 50. 02
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Provided also that the charges for the Unscheduled Interchange for the under
drawls by the buyer or the beneéides in a time block in excess of 10% of the schedule or 250
MW whichever is less, shall not exceed the Cap Rate as specified in the Schedule A of these
regulations as per the methodology specified in clause (4) of this regulation.

Provided also thathe charges for the Unscheduled Interchange for the injection
by the seller in excess of 120% of the schedule subject to a limit -blusxgeneration
corresponding to 105% of the Installed Capacity of the station in a time block or 101% of the
Installed Capcity over a day shall not exceed the Cap Rate as specified in the Schedule A of

these regulations as per the methodology specified in clause (5) of this regulation.

Provided also that the Charges for the Unscheduled Interchange for the injection
by theseller in excess of ellus generation corresponding to 105% of the Installed Capacity of
the station in a time block or 101% of the Installed Capacity over a day shall not exceed the
charges for the Unscheduled Interchange corresponding to grid frequehcg r v a | of
50.02 Hz and not below 50.0 Hz

(2) The Charge for Unscheduled Interchange shall be determined in accordance with the
following methodology:

(@) The Charge for Unscheduled Interchange shall be zero at grid frequency of 50.2 Hz and

above.

(b) The Charge for Unscheduled Interchange
50.02 Hz and not below 50.0 Hz6 shall be b
charge of coall/lignite based generating stations for the six monthsl pdridugust 2009 to

January 2010 and suitably adjusted upward to decide on the Ul price vector.

(c) The Ul Price Vector shall accordingly, be in steps for a frequency interval of 0.02 Hz
between 50.2 Hz to 50.0 Hz.

(d) The Charge for Unscheduled Interchangi n gri d frequency inter
not bel ow 49.68 Hz~6 shall be such that It I

based on coal including imported coal to support the grid after meeting fixed and energy charge.
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(e) The U Price Vector shall accordingly be in steps for a frequency interval of 0.02 Hz between
50.0 Hz to 49.70 Hz.

(f) The Charge for Unscheduled Interchange at grid frequency below 49.5 Hz shall be based on
the highest of the average energy charges of gemgratations for the six months period of

August 2009 to January 2010 and suitably adjusted upward to decide on the Ul price vector.

(g9) The Ul Price Vector shall be in steps for a frequency interval of 0.02 Hz between 49.70 Hz to
49.50 Hz corresponding tbe Charge for Unscheduled Interchange in grid frequency interval of
6bel ow 49.70 Hz and not bel ow 49.68 Hzd©6 an

frequency interval of below 49.50 Hz.

3) The Cap rate for the charges for the Unscheduled Iraegehfor thegenerating stations
using coal or lignite or gas supplied under AdministedPeide Mechanism (APM) as the fuel
shall be the same as the charges for thescheduled Interchange corresponding to grid
frequency i n49d0Hzandnddbe | 6lve U ®OW68 Hz>O as speci

theseRegulations.

(4) The Cap Rate for the Unscheduled Interchange for the under drawvle byyer or the
beneficiaries in excess of 10% of the schedule or 250Whi¢hever is less shall be the same as

the charges for the Unschedulecht er change corresponding to d
49.70Hzanch ot bel ow 49. 68 Hz»®6 as specified i n Sqd

(5) The Cap Rate for the Unscheduled Interchange for the injection Isgldrein excess of

120% of the schedule subject to a limit of-l&is generation corresponding to 105% of the
Installed Capacity of the station intime block or 101% of the Installed Capacity over a day
shall be the same ahe charges for the Unscheduledtekchange corresponding to grid
frequencyy nt er val of o6below 49.70 Hz and mAda dfel
these Regulations.

(6) The Charge for Unschedul ed | ntaemrd hlmenlgew 65
grid frequency intera | of 6below 50. 0Rz6élzamnddanhogr bel D
of o6below 49. 70 Hz slalh remoified eery somontis hasdéd SriHthed
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relevant escalation indicemtified by the Commission under the Competitive biddiniglgjines

ofGovernment of I ndia and Sche dnotifiedacoAdinglyof t h
3.6.1 Unscheduled Interchange Cap Rates

(a) In terms of clauses (1) and (3) of Regulations 5, the Ul Cap Rate shall be 403.0 Paise/kWh
for all generatig stations using coal or lignite or gas supplied under Administered Price
Mechanism (APM) as the fuel, in case when actual generation is higher or lower than the
scheduled generation.

(b) In terms of clauses (1) and (4) of Regulations 5, the Ul Cap Ralteoseh403.0 Paise/kWh

for the under drawls by the buyer or the beneficiaries in excess of 10% of the schedule or 250
MW whichever is less.

(c) In terms of clauses (1) and (5) of Regulations 5, the Ul Cap Rate shall be 403.0 Paise/kWh
for the injection bythe seller in excess of 120% of the schedule subject to a limit-bbex
generation corresponding to 105% of the Installed Capacity of the station in a time block and

101% of the Installed Capacity over a day.
3.6.2 Additional Unscheduled Interchange Chages

(a) In terms of clause (3a) of Regulation 7 , the Additional Unscheduled Interchange Charge for
overdrawal of electricity for each timklock when grid frequency is below 49.5 Hz and up to
49.2 Hz shall be equivalent to 40% of the Unscheduled Integeh&harge 873.0 Paise/kWh
corresponding to the grid frequency of below 49.5 Hz. The Additional Unscheduled Interchange
Charge for undemjection of electricity for each timblock when grid frequency is below 49.5

Hz and up to 49.2 Hz shall be equivalémt20% of the Unscheduled Interchange Charge of
873.0 Paise/kWh corresponding to the grid frequency of below 49.5 Hz.

Provided that the Additional Unscheduled Interchange Charge for over
drawal of electricity for each timklock when grid frequency ibelow 49.2 Hz shall be
equivalent to 100% of the Unscheduled Interchange Charge 873.0 Paise/kWh corresponding to
the grid frequency of below 49.5 Hz. The Additional Unscheduled Interchange Charge for under

injection of electricity for each timblock whengrid frequency is below 49.2 Hz shall be
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equivalent to 40% of the Unscheduled Interchange Charge of 873.0 Paise/kWh corresponding to
the grid frequency of below 49.5 Hz.

(b) In terms of clause (3b) of Regulation 7, the Additional Unscheduled InterchaaggeGbr
underinjection of electricity during the timblock when grid frequency is below 49.5 Hz and up

to 49.2 Hz for the generating stations using coal or lignite or gas supplied under Administered
Price Mechanism (APM) as the fushall be equivalento 20% of the Ul Cap Rate of 403.0
Paise/kWh.

Provided that the Additional Unscheduled Interchange Charge for under
injection of electricity during the timblock when grid frequency is below 49.2 Hz for the
generating stations using coal or lignitegas supplied under Administered Price Mechanism
(APM) as the fuel shall be equivalent to 40% of the Ul Cap Rate of 403.0 Paise/kWh.

3.7 BENEFITS FOR INDEPENDENT POWER PLANTS 1

3.7.1 FALL BACK MECHANISM FOR P.P.A.s

Private companies are expectadthe ugulatoriesto come forward and set up power plants in

the country in a big way, to augment the generating capacity. One major concern of such private
companies is what recourse would be available to them in case the State Govemnaehor

private entiy, which signs the Power Purchase Agreement (P.P.A.) with them is subsequently
not able tofulfill its obligations. Only certain financial instrumeintsevolving letters of credit,
escrow accounts and State / Central Government guardntesge been tabld about so far.

While these can temporarily address the problem ofpayment by a P.P.A. signatory, they
cannot handle the situation of recurrent de

unwillingness to continue with P.P.A. provisions

The effective recourse in the above mentioned situation would be to enable the power plant
owner to sel/l the power plantds output to s
contracted to buy 100% of the capacity of a power plant (of saW®@pfor 20 years, but finds

six years down the | ine that it can pay fo

should then be able to sell 40% of its capacity to an entity in a neighboring State. The original

27

=

on



PPA itself should provide for thistipulating that the signatory SEB shall enable transmission,
scheduling and energy accounting of such capacity, and shall compensate the power plant owne
for any shortfall in revenue arising out of
and Ul settlement mechanism required for the above is already in place at thtateetevel,

but has to be kept going by the signatory SEB within the State.

A further fall back mechanism is available through Ul. In case of a default by the signatory SEB,
and the power plant owner not being able to find another purchaser on workable terms, the
uncovered capacity of the plant can be, and should be allowed to be injected into the State grid a
Ul. The SEB should be obliged to facilitate this, by arrangingr@piate metering, energy
accounting and regular payment of applicable Ul charges to the power plant. If this is provided
for in the P.P.A., and the State / Central Governments undertake to enforce Ul payment to the
power pl ant o wn e r oof acamunt, theheemaySriotabe any surthér Ineeg for
escrow accounts and State / Central Government guarantees. Transmission system woulc
generally not be a constraint, as it would already have been designed for absorbing the full

output of the power plant.

While Ul mechanism is not intended for trading gains, merchant tariffs would remain driven by
demandsupply dynamics and are expected to remain fairly remunerative till such time-supply

demand correction results in price declines. This is unlike in thepeai®ds, which indicates

that the weighted average traded price of electricity has moved in line with average Ul price
observed in NEW (NorthernEasterAWestern) Grid, apart from being influenced by the

seasonal demand fluctuations seen particularfpmmer & winter seasons.

Thus, the Gencowith merchant capacity for sales are likely to benefit from the current changes.
With the overall charges payable at 49.5 Hz at Rs. 15.8/unit (comprising congestion and Ul
charges), even relatively higlost, liqud-fuel based generating stations (that is, stateed and
privateowned captive power plant<CPPSs) in the ovedrawing state entities can operate at full
utilization level. This is unlike the past periods, when surplus power from Gafsot tapped

at optimum level essentially on account of high cost of power based on liquid fuel (although
evacuation constraints and restrictive policies on tpady sale of power outside the state by
some state governments also contributed to this state of affdllgle the Ul cap rate for

generating stations based on administered price mechanism (APM) gas and domestic coal/lignite
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has been lowered marginally to Rs. 4.08/unit, their focus is expected to shift towards trading

market for sales of surplus power avaléab

3.7.2 MERCHANT POWER PLANTS

Enterprising private companies can even set up power plants without botheringigoPiAs

for full plant capacity at the financial closure stage. Depending on the prevailing situation, PPAs
may subsequently be finalizeoijt not necessarily covering the entire plant capacity or expected
life. The uncovered plant capacity from time to time would then be available fortsimrt
contracting, as per market conditions. It would only have to be ensured that the transmission
system, particularly in the plantds vicinit
entire output of the plant.

The uncovered / surplus plant capacity at any time can also be accepted in the State
grid at the prevailing Ul rate, whids the spot price. There need be no apprehension about such
merchant plant making disproportionate profits: both fixed and variable costs have to be
recovered from the prevailing Ul rate, which is capped by a regtdptmified ceiling rate and
can neer spike. On the other hand, the country would continue to havehpealshortages for
many years to come, and Ul rates would continue to be sufficiently higher than the variable cost,

to generate adequate revenue for fixed cost recovery.

Suppose a gemating station is scheduled to give 100 MW of power to the state
but the offpeak demand is only 90 MW in this case the generator has an option of either backing
down on supply and save on energy charge anyhow by getting the actual payment required for,
scheduled generation. The other very attracting option is to trade the surplus 10 MW of power to
a third party at a market determined rate without backing out the power supply. This option is

most viable if the traded price is higher than the energy changstly the case) which the

generator would be getting because the generator is anyway paid for the capacity charge for the

scheduled generation i.e. 100 MW.
Frequency variation is the very cause of damage to electrical equipments
and indirectly to thenechanical equipments too. When frequency management is looked in to so

deeply the damage to the equipments is also reduced drastically.
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CHAPTER 4

OPERATIONAL REGULATIONS AS PER INDIAN ELECTRICITY GRID
CODE, 2010

41 INTRODUCTION

The Indian Electricity @d Code (IEGC) is a regulation made by the Central Commission in
exercise of powers under clause (h) of subsection (1) of Section 79 read with clause (g) of sub
section (2) of Section 178 of the Act. The IEGC also lays down the rules, guidelines and
standirds to be followed by various persons and participants in the system to plan, develop,
maintain and operate the power system, in the most secure, reliable, economic and efficient

manner, while facilitating healthy competition in the generation and sopplgctricity.

Section 5 of IEGC isthe OPERATING CODE which regulatehe

operational activities of thentities connected to the grid.

4.2 OPERATING PHILOSOPHY

(a) The primary objective of integrated operation of the National/Regional grids isancenthe

overdl operational reliability anc&economy of the entire electric power network spread over the
geographical area of the interconnected system. Participant utilities shall cooperate with each
other and adopt Good Utility Practice at all timesdatisfactory and beneficial operation of the
National/Regional grid.

(b) Overall operation of the National / intexgional grid shall be supervised from the National
Load Dispatch Centre (NLDC). Operation of the Regional grid shall be supervised fom th
Regional Load Dispatch Centre (RLDC). The roles of NLBCDC, RPC and SLDC shall be in
accordance with the provisions made in Raof the IEGC.

(c) All persons shall comply with this Operating Code, for deriving maximum benefits from the

integrated opration and for equitable sharing of obligations.

(d) All licensees, generating company, generating station and any other person connected with
the operation power system shall comply with the directions issued by the respective RLDC
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/ISLDC to ensure integted grid operation and for achieving the maximum economy and

efficiency in the operation of the power system.

(e) A set of detailed operating procedures for the National grid shall be developed and
maintained by the NLDC in consultation with the RLDCs,daidance of the staff of the NLDC

and it shall be consistent with IEGC to enable compliance with the requirement of this IEGC.

() A set of detailed operating procedures for each regional grid shall be developed and
maintained by the respective RLDC ionsultation with the regional entitiesrfguidance of the

staff of RLDCand shall be consistent with IEGC to enable compliance with the requirement of
this IEGC.

(9) A set of detailed operating procedures for each state grid shall be developed andedaintai
by the respective SLDC in consultation with the concerned persons for guidance of the staff of
SLDC and shall be consistent with IEGC to facilitate compliance with the requirement of this
IEGC.

(h) The control rooms of the NLDC, RLDC, all SLDCs, powants, substation of 132 kV and
above, and any other control centers of all regional entities shall be manned round the clock by
qgualified and adequately trained personnel. Training requirements may be notified by the

Commission from time to time, by once

Section 5.2 of IEGC is focused on the operation of generating stations. This section is named as
SYSTEM SECURITY ASPECTS with following regulations

(&) All Users, CTU and STUs shall endeavor to operate tespective power systems and

power stationgn an integratednanner at all times

(b) No part of the grid shall be deliberately isolated from the rest of the National/Regional grid,
except

(i) Underan emergency, and conditions in which such isolation would prevent a total

grid collapse and/or wad enable early restoration of power supply,

(i) Forsafety of human life
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(i) Whenserious damage to a costly equipment is imminent and such isolation would

prevent it,

(iv) Whensuch isolation is specifically instructed by RLDC. Complete synchation

of grid shall be restored as soon as the conditions again permit it. The restoration process|
shall be supervised by RLDC, in-codination with NLDC /SLDC in accordance with
operating procedures separately formulated NLDC/RLDC.

(c) No importantlement of the National/Regional grid shall be deliberately opened or removed
from service at any time, except when specifically instructed by RLDC or with specific and prior
clearance of RLDC. The list of such important grid elements on which the aljowktgins

apply shall be prepared by the RLDC in consultation with the concerned Users, CTU and STUs,
and be available at the websites of NLDC/RLDC/SLDCs. In case of opening/removal of any
important element of the grid under an emergency situation, the shall be communicated to
RLDC at the earliest possible time after the event. RLDC shall inform the opening/removal of
the important elements of the regional grid, to NLDC, and to the concerned Regional Entities

(whose grid would be affected by it) aesflied in the detailed operating procedure by NLDC.

(d) Any tripping, whether manual or automatic, of any of the above elements of Regional grid
shall be precisely intimated by the concerned SLDC/CTU/User to RLDC as soon as possible, say
within ten minuts of the event. The reason (to the extent determined) and the likely time of
restoration shall also be intimated. All reasonable attempts shall be made for the elements
restoration as soon as possible. RLDC shall inform the tripping of the important edeshére
regional grid, to NLDC, and to the concerned Regional Entftigmsegrid would be affected

by it) as specified in the detailed operating procedure by NLDC.

(e) Any prolonged outage of power system elements of any User/CTU/STU, which is @ausing
likely to cause danger to the grid or spitimal operation of the grid shall regularly be
monitored by RLDC. RLDC shall report such outages to RPC. RPC shall finalise action plan and

give instructions to restore such elements in a specified time period

IEGC also regulates the governing action of the thermal power plant
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4.3 GOVERNOR ACTION

() Following Thermal and hydro (except those with upto threers pondage) generating units
shall be operated undeestricted governor mode of operation witheetf from thedate given
below:
(a) Thermal generating units of 200 MW and above,
(1) Software based Electro Hydraulic Governor (El@tem 01.08.2010
(2) Hardware based EHG system 01.08.2010
(b) Hydro units of 10 MW and above 01.08.2010
(ii) The restricted governor mode of operation shall essentiiye the following features:
(&) There should not be any reduction in generation in casembvement in grid
frequency below 50.2 Hzfqr example if grid frequency changes from 49.3 to 4924 H
then there shall not be any reduction in generation).
Whereas for any fall in grid frequency, generation frilv@ unit should increase by 5%
limited to 105 % of th&VICR of the unit subject to machine capability.
(b) Ripple filter of +£ 0.03 Hz. shall bgrovided so that smatlhanges in frequency are
ignored for load correction, iorder to prevent governor hunting.
(c) If any of these generating units is required to be operaithaut its governor in
operation as specified above, tReDC shall be irmediately advised about the reason
andduration of such operation. All governors shall havdr@p setting of between 3%
and 6%.
(d) After stablisation of frequency around 50 Hz, the CER&y review the above
provision regarding the restrictgverna mode of operation and free governor mode of
operation may be introduced.
(i All other generating units including the pondage upto 3 h@as turbine/Combinecycle
Power Plants, wind and solgenerators and Nuclear Power Stations shall beexempted
from Sections 5.2 (f) ,5.2 (9), 5.2 (h) and ,5.2(i) till the Commissemews the situation.
(iv) Facilities available with/in load limiters, Automatic Turbine Rup System (ATRS),
Turbine supervisory control, coordinatedntrol system, etc., shalbhbe used to suppress the
normalgovernor action in any manner and no dead bands and/od¢iliangs shall be deliberately

introduced except as specifiedpara 5.2(f) above.
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(v) All thermal generating units of 200 MW and above and all hyaits of 10 MV and above
operating at or up to 100% of thétiaximum Continuous Rating (MCR) shall normally be
capable ofand shall not in any way be prevented from) instantaneigstyng up to 105% and
110% of their MCR , respectively, wheimnequency falls suddenlyAfter an increase in
generation asbove, a generating unit may ramp back to the original levetade af about one
percent (1%) per minute, in case continwgeration at the increased level is not sustainable.
Any generating unit not complying witthe above requirements, shakk kept in operation
(synchronized with the Regional grid) ordfter obtaining the permission of RLDC.

(vi) The recommended rate for changing the governor settingsupplementary control for
increasing or decreasing thatput(generation level) for all generating units, irrespective of their
type and size, would be one (1.0) per cent per minute orasipen uf act ur er 6 s | i
if frequency falls below 49.7Hall partly loaded generating units shall pick up &ddal load at
afaster rate, according to their capability.

(vii) Except under an emergency, or to prevent an imminent dalmageostly equipment, no
User shall suddenly reduce lgsnerating unit output by more than one hundred (100) MW ( 20
MW in caseof NER) without prior intimation to and consent of the

RLDC, particularly when frequency is falling or is below 49.5 Heimilarly, no User / SEB
shall cause a sudden variation inliad by more than one hundred (100 MW) without prior
intimationto andconsent of the RLDC.

(viii) All generating units shall normally have their automatic volteggulators (AVRS) in
operation. In particular, if a generating unitoser fifty (50) MW size is required to be operated
without its AVR in service, the RLDC sliabe immediately intimated about threason and
duration, and its permission obtained. Power Sys&tabilizers (PSS) in AVRs of generating
units (whereveprovided), shall be got properly tuned by the respecjareerating unit owner as
per a plan prepad for the purpose by the CTU/RPC from time to time. CTU /RPC will be
allowed to carry out checking of PSS and further tuning it, wherever considered necessary.
(ix) Provision of protections and relay settings shall be coordinated periodically througéout t
Regional grid, as per a plan to be separately finalized by the Protectid®osuhittee of the
RPC.

(x) All Users, SEB,, SLDCs , RLDCs, and NLDC shall take all possible measures to ensure that
the grid frequency always remains within the 4%8.2 Hz fand.
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(xi) All SEBS, distribution licensees / STUs shall provide automatic sindguency and df/dt

relays for load shedding in their respective systems, to arrest frequency decline that could result
in a collapse/disintegration of the grid, as per the pkparately finalized by the concerned RPC

and shall ensure its effective application to prevent cascade tripping of generating cawsts of

any contingency. AISEBs, distribution licensees, CTU STUs and SLDCs shall ensure that the
above undefrequency and df/dt load shedding/islanding schemes are always functional.

RLDC shall inform RPC Secretariat about instances when the desired load relief is not obtained
through these relays in real time operation. The provisions regarding under frequencidiand df
relays of relevant CEA Regulations shall be complied with. SLDC shall furnish monthly report
of UFR and df/dt relay operation in their respective system to the respective RPC. RPC
Secretariat shall carry out periodic inspection of the under frequetaysrand maintain proper
records of the inspection. RPC shall decide and intimate the action required by SEB, distribution
licenseeand STUs to get required load relief from Under Frequency and Df/Dt relays. All SEB,
distribution licensee and STUs shallide by these decisions. RLDC shall keep a comparative
record of expected load relief and actual load relief obtained in Real time system operation. A
monthly report on expected load relief@wis actual load relief shall be sent to the RPC and

the CERC

(xii) All Users, STU/SLDC , CTU/RLDC and NLDC, shall also facilitate identification,
installation and commissioning of System Protection Schemes (SPS) (includintipuemg

and runback) in the power system to operate the transmission system daiseir imits and to

protect against situations such as voltage collapse and cascade tripping, tripping of important
corridors/flowrgates etc.. Such schemes would be finalized by the concerned RPC forum, and
shall always be kept in servick.any SPS igo be taken out of service, permission of RLDC
shall be obtained indicating reason and duraticemtitipated outage from service

(xiii) Procedures shall be developed to recover from partial/total collapse of the grid in
accordance with CEA (Grid Standa) Regulations as and when the same comes into force and
periodically update the same in accordance with the requirements given under section 5.8. Thesg
procedures shall be followed by all the Users, STU/SLDC and GLDC to ensure consistent,
reliable aand quick restoration.

(xiv) Each User, STU, RLDC, NLDC and CTU shall provide and maintain adequate and reliable

communication facility internally and with other Users/STUs /RLDC/SLDC to ensure exchange
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of data/information necessary to maintain reliabiiibd security of the grid. Wherever possible,
redundancy and alternate path shall be maintained for communication along important routes,
e.g., SLDC to RLDC to NLDC.

(xv) All the Users STU/SLDC and CTU shall send information/data including disturbance
recader/sequential event recorder output to RLDC within one week for purpose of analysis of
any grid disturbance/event. No Us&|.DC/STU or CTU shall block any data/information
required by the RLDC and RPC for maintaining reliability and security of the agnit for
analysis of an event.

(xvi) All Users, RLDC, SLDC STUs, CTU and NLDC shall take all possible measures to ensure

that the grid voltage always remains within the following operating range.

4.4  OPERATION UNDER FGMO (FIXED GOVERNOR MODE OF OPERATION)

T INTRODUCTION
The developing countries have sustained power shortage problems compared to developed

countries for many reasons, mostly financial in nature. The developed countries have to address

the power deficient areas occasionally. The research literain operation of generation
deficient power system is scanty. The problems faced by developing countries are fundamentally
of different nature. The developing countries have to search for alternatives to suit their
requirement. The deficient systems @aypical features like frequency deviations, abrupt arising

of deficiencies of power, low voltages and lack of coordination among the constituents under a
region due to indiscipline. In India speed governors have been prevented from responding by the
utilities, with dead band configuring from 47.5 Hz to 51.5 Hz. Emergency unloading of a unit is
available only when frequency reaches 51.5 Hz. As a consequence excursions in frequency are
common up to 1 Hz in a time block of 15 minutes. For the sake of beti&ol efforts are being
made to enable the frequency governors to respond to entire range of frequency. This is called

free governor mode of operation (FGMO)
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fAln the present scenario of deficit, it is not desirable to have any frequency
responsdrom generators by reducing generation when frequency is rising towards 50 HZ from
a lower level. Reduction of generation would be necessary when frequency is already above 50
Hz and tends to rise further. Therefore, suitable control logic would hawe developed to limit
the governor response to situations when frequency is rising and the grid frequency is below 50
Hz. Such a situation could be called a restricted governor mode operation and not total RGMO.
However, this does not exempt the generatoosn getting the free governor mode into

operational state for wuse when required. o

-CERC, 20/08/09

The Governor is an important controller in the power plant as it regulates the turbine speed,
power and participates in the grid frequency regulatias.tlie main operator interface

a) To start the turbine from still condition,

b) To vary the load on the turlgenerator when it is on bars (Synchronized) and

c) To protect the turbine from damages in the cases of any unsafe operating conditions.

The steayl state and dynamic response behavior of the turbine is influenced mainly by the

characteristics of the Governing system.

45 NEED OF GOVERNING SYSTEM

The load on the turbgenerator does not remain constant but vary as per the consumer (Grid)
demand requements. The presence of a perpetual mismatch between the generation and the
demand in a larger network results into variations in frequency and necessitates a continuous
adjustment of generation at the tupenerators. If not, the speed / frequency bdloscillating

which is an indication of poor power quality. A state of unchanging system frequency and zero
acceleration indicates that the generation meets the system demand.

The governing system provides for this regulation /adjustment, when thegembaator is on

bars, by controlling the steam inflow to the turbine. The regulation is envisaged by various
control logics and by operating the control valves in the turbine. Stop valves provided in the
governing system protect the turbine in case of ensahditions by blocking the steam flow into

the turbine.
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46 HOW GOVERNING SYSTEM WORKS

The Speed / Power of the steam turbine are controlled by varying the steam flow to the turbine,
which in turn isvaried by maipulating the control valve lift. The control valve is operated by a
servomotor driven by a hydraulic signal. The governing system is a closed loop control system
which processes speed error, power error and pressure error to operate the steam cestrol valv
In a Mechanical Hydraulic governing system, mechanical speed sensors viz., fly balls and
hydraulic speed transmitters to sense the speed and hydraulic servomotors and hydraulic
amplifiers to drive the final control elements (i.e.) control valves apoym@d.

In an Electro Hydraulic governing system, Halls probe or pulse generators to sense the speed
various logics and control circuits to process the error and electro hydraulic converters /

amplifiers and a hydraulic actuator to drive the control \aare used.
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4.7 DROOP OR REGULATION

Droop can be defined as the percentage change in speed for a change in load. Whenever there
a mismatch in power, speed changes.mentioned earlier, the governing system senses this
speed change and adjusts valve opening which in turn changes power output. This action stop
once the power mismatch is made zero. But the speed error remains. What should be the chang
decided by
causes 100% change in power output, then the regulation is said to be 4 % (in per unit 0.04).

in power outpuf or a change in speed is
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The regulation can be expressed in the form of pdwkequency characteristic as st in
Figure2.4. At 100 % load the generation is also 100 %, frequency (or speed) is also 100%.
When load reduces frequenc increases, as generation remains the same. When load reduces by
%, frequency increases by 2 %, in the characteristic shown. \\daenreduces by 100 %,
frequency increases by 4 %. In other words 4 % rise in frequency should reduce power
generation by 100 %.Thi4 % i s call ed o6droopé6é of 4 %. Th
Droop or regulation is an important parametettha frequency regulation. In thermal power
plants droop value is generally 4 % to 5 %. The sensitivity of the governor for a given change in
load varies inversely with the percentage droop. The droop of the hydro turbines will be around 2

to 3% where as #i of the steam turbines will be 4 to 5%

Frequency | ————___

0% 5004 10025 - Load

FIG 6 - Droop characteristics of a governor

40




Consi

point

54 HZ
] \ 52 HE
\ S1HZ  GEMERATION
+210 MW
210 MW -
48 HZ \\
FREQUENCY \
46 HZ

FIG 7 - Droop characteristics

Ne \ E
4
g Nd \E:‘\
A
=
=R \ \ F
N N . L
Nh o= H
N C
pd p P& Ff Pl
GENERATION IN MW
FIG 8 - Governing Operation - Primary and Secondary Response
der that a wunit 1 s dedNO eHZ ndye rao tpeodvelry
0AG. Let us assume that due

41

t o

s ome

r




the droop characteristics of the governor,
and the generation will increaéer om OP&6 t o OPBO. This respon
primary response as discussed earlier. The operator subsequently will try to restore the
generation to the original value O6P6, t he
frequency wi | drop further to ONCO. This respon
response. A secondary response of 1% of the capacity per minute of the set is prescribed by th

Load Despatch Center. If no corrective action has been initiated by the Gridédisuby way of

tripping out excess demand, then the freque
|l oad denoted by the point 6F6 and its | oad
droop line wild.@l mael Itihmi topdkrtaa i ol pwod RLES wa | |

dip in frequency. As the generation does not compensate the additional load, the frequency will
further drop to NH. The load limiter action is a classic example of restricting the FGMO. On the
otherhand, i f any of the feeders tripped, t he
response governing action wil!/| reduce the |
will be D. If the frequency is within the operating range, the opewitbbring the unit to the
point E and the frequency wil!/l further roi
generation under high frequency conditions will only raise the frequency and several procedures
like Availability Based Tariff, Guidelinegor Unscheduled Interchanges etc., have been laid

down by the regulatory commissions in this regard.

4.8 FREQUENCY CONTROL BY FGMO

Frequency control requires provision of primary regulation and supplementary regulation as
basic requirement. Primary rdgtion is provided through speed governors which respond to
frequency changes by varying turbine outputs. Keeping governors free to operate in the entire
frequency range enables smooth control of frequency fluctuations as well as security against grid
disturbances. In India, due to wide range of frequency fluctuations, speed governors were
prevented from responding by the utilities with dead band configuring from47.5 Hz to 51.50 Hz
with emergency unloading available only when frequency goes above 51.3tfféfts have

been made to enable speed governors responding in the entire frequency range which has com

to be known as free governor mode of operation (FGMO).
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The introduction of Availability Based Tariff (ABT) though stabilized frequency in a narrower
band, the rapid fluctuations continued to occur with frequency excursions of 0.5 Hz over a period
of 10 minutes and frequency shooting up to 51 Hz and above when sudden bulk load shedding o
maximization of generation takes place before evening peak haprEn® of frequency takes

place during onset of peak loads or unit tripping. Such frequency fluctuations during normal
operation in the grid leads to complex counter actions by the control opet@ttors at regional

and state level. Further, the fluctungt frequency even in an interval of 15 minutes does not give
out clear signals to operators to plan generation changes, load shedding or to draw/inject
Unscheduled Interchange (Ul) power responding to signals generated by the commercial
mechanism (ABT). dder ABT mechanism, frequency is allowed to float between 49 Hz and
50.5 Hz and drawing / injection of Ul power is permitted in this frequency range. However,
fluctuating frequency masks the frequency based ABT signals.

In most of the grid disturbances owbe last few years, Southern regional grid used to split into
four parts in the post fault scenario due to tripping of various lines in the-BéegrEastNorth
regional corridor due to power swings. The Eastern part used to have surplus of geneeation o
load resulting in frequency shooting up to 52 Hz and above leading to tripping of several
generating units on high frequency. Another pattern observed was isolation of Tamilnadu grid
from the Southern part followed by severe frequency decay and uedeefcy load shedding
through df/dt relays which brings up frequency above 52 Hz once again leading to tripping of
some generators on high frequency. After interconnecting with WR and ER grids also, similar
pattern continued in the post fault scenarichwiitpping of generating units on high frequency.
With implementation of free governor mode of operation on generating units, tripping on high
frequency could be avoided during grid disturbances as load generation balance can be attaine
at a faster ratdzven during normal operation, tripping of a 500 MW unit leads to frequency drop
of around one hertz due to low system stiffness as the frequency has to be controlled only by
load damping effect in the first Z&conds after the tripping. FGMO would increaystem
stiffness significantly and avoid large frequency dips in the event of unit tripping.

For example, 10000MW generation on FGMO with 5% droop in Central grid would increase
system stiffness by 2000 MW per hertz. Consider a system of 10000 MW at B@¢dime a

droop of 5% for the entire grid system.
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Casel

If due to some reasons, a generator of 200 MW trips and no unit is under FGMO, the dip in
frequency will be

50 X 200/10000 = 1 Hz.

Case?2

If FGMO is available only for 5000 MW due to disablingtieé governing action in other sets,
then the frequency drop will be

50 X (200/5000) X 5/100 = 0.1 Hz.

Case3

If FGMO is available for all the 10000 MW, the dip in frequency will be

50 X (200/10000) X 5/100 = 0.05 Hz only.

From the above examples, it igal that, mor¢he constituent units are under FGMO more is the

stability 2010 IEEE International Conference on Computational Intelligence and Computing
Researclof the Grid.
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49 SCHEDULING AND DESPATCH CODE

This codeof IEGC deals with the procedurés be adopted for scheduling of the net injection /
drawals of concerned regional entities on a day ahead basis with the modality of the flow of
information between the NLDC / RLDCs / SLDCs/Power Exchange and regional entities. The
procedure for submissiaosf capability declaration by each ISGS and submission of requisition /
drawal schedule by other regional entities is intended to enable RLDCs to prepare the dispatch
schedule for each ISGS and drawal schedule for each regional entity. It also provides
metodology of issuing real timdispatch/drawal instructions and rescheduling, if required, to
regional entities along with the commercial arrangement for the deviations from schedules, as

well as, mechanism faeactive power pricing.

4.9.1 IMPORTANCE FOR POWER GENERATING STATIONS

The main economic factor in power system planning, operation and control is the cost of
generating real power. The size of electric power system is increasing rapidly to meet the energy
requirements. A number of power plants eoanected in parallel to supply the system load by
interconnection of power stations. With the development of grid system, it becomes necessary to
operate the plant unit most economically. The economic generation scheduling problem involves
two separate sps namely the unit commitment and thelioe economic dispatch. The function

of the online economic dispatch is to distribute the load among the generating units actually
paralleled with the system in such a manner as to minimize the total cost ofirsgipipé minute

to minute requirements of the system and satisfying load and operating constraints. Thus,
economic load dispatch problem is the solution of a large number of load flow problems and
choosing the one which is optimal in the sense that itsne@dimum cost of electric power
generation.

To calculate electric power generation of various units with different load demands, the usual
Classical (Kirchmayer) method is used. These are generally solved by iterating the value of until
the some of the gerator outputs equals the system demand plus transmission losses. The
incremental transmission losses are calculated using transmission loss coefficient caled B co
efficient approach. As early as the mid 1930s economic dispatch of real power not augsider

the transmission | osses was being perfor me
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sufficiently developed so that transmission losses could be taken into account.ndg-t850s
number of digital dispatch systems was available to the industondenic dispatch programs
which are installed today in the most modern control centers uses the classical methods to solve
well-known exact ceordination equations. The main difference between different techniques is
the method used to solve the@alinations equations. The @rdination equations are generally
solved by interactively adjusting the load until the sunthef generator output matches the
system load, pulse system loss. The transmission loss penalty factor have been implemente
using one othe several loss formulas which are calculatedio& or orzline at periodic internal

and on request. In recent years, Al applications have received increasing attention in various
areas of power systems such as operation, planning and control. A nofmmbsearch articles
appeared recently indicate applicability of Al techniques to power system for wider operating
conditions under uncertainties. Artificial neural networks have attracted much attention due to
their computational speed and robustnessnd@jor advantage of the artificial neural network
approach is that the domain knowledge is distributed in the neurons and information processing
is carried out in a parallel distributed manner. Therefore, artificial neural network reaches the
desired solubn rather efficiently.

4.9.2 Problem Formulation

To determine the economic distribution of load betweervén®us units consisting oftarbine,
generatorand stem supply, the variable operating costs of the unit must be expressed in terms of
the poweroutput. Thevariation of fuel cost of each gentyawith active power outputdris

given by a quadratic polynomial.

Tk

i=1,2,éeée. . N

F: Rs/hr 1)

Where® is a meaure of losses in the syste,is the fuel costrad @ is the salary and wages,
interest anddepreciation. The optimal dispatches fobe thermal power plants should be such

that the load demands plus lilesses, which can be written as:
B 0 0 O TT (2)
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Where,

N= Total number of generating plants.

Pci= Generation offf plant.

PL= Total system transmigs loss.

Pp= System load demand

The transmission losses which occur in the line when power is transferred from the generating
station to thdoad centers increases in distance between the two. The transmission losses may
vary from 5 to 13 % of the tot&dad. If the power factor of load at each bus is assumed to
remain constant the system logsdan be shown to befanction of active power generation at

each plants i.e.

b=k Al Bl - g 3)

One of the most important, simple but approximate methodpresging transmission loss as a

function ofgenerator power is through Boefficients as,

CA
CA
o

CA

Where

0 QU are real power generation &tand [" power unit.Bj is loss coefficients.

The inequality constraints is given by

PGmin o Gi CP cmak

The maximum active power generation PGMax of source igelihioy thermal consideration and

minimum activepower generation PGMin is limited by the flame instability of a boiler

4.9.3 METHODOLOLGY

The objective of optimum generation scheduling for thermal power plants is to allocate the

generation teeach and exry units in a plant for a given load such that fuel cost is minimum
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subjected to equal and inequaldgnstraints. Here, optimum generation scheduling is achieved

by two techniques. The methoale presented below.

9 Artificial Neural Network Method
Artifi cial neural network based method is applied to the optimum generation scheduling

problem. Amultilayer feed forward neural network is selected. A neural network is constructed
with one input layer, one hiddeayerand one output layer. The input to theirsd net contains

load demand. The output from the networkgeneration of each generator. In the training
process, load demand and active power generation which isonfuuttpatterns Training setre
selected from data base to determine tegiats fo the neurahetwork. The welknown back
propagation algorithm and the sigmoid transfer function are used in the model. Once the network
trained, the network parameters (weights and bias terms) were kept fixed. The convergence
criteria used for trainings to have a tolerance and epochs. Once the network has been trained,
the accuracy of the neural network canelaluated by testing the neural network with another

set of inpwoutput data (testing set). To speed updbevergence, momentum and learniager

are selected. Selected inpuitput patterns are normalized between 0 antb avoid the
convergence. Since the variables, input to and outputs from ANN have very different ranges, the
useof original data to the network will cause a convergence probléhe absolute percentage

error (APE) of thegeneration scheduling is given below.

APE = x100

The mean percentage error (MAPE) is computed by,

where N = Number of loads.

48




i Classical Method

This is an iterative anchaaccurate method to determine output of generator. An algorithm for

obtainingreal power generation and fuel cost are iteratively solved on the following steps for a

particular load demand.

1. Initially chosef  ¥o

2. Assume R = 0.0,
3. Solve below equation iratively for Pco s

4. Calculate the power loss using

0 0 0

5. Check if power balance equation is satisfied

cx
c2
cx

If yes, stop otherwise go to step no. 6
6.l ncreawei d by

c2
c2
c1

Otherwise decrease By
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cu
cu
cx
=

repeat the steps from 3.

Three layer fed forward ANN is used to optimize generation scheduling. ANN is trained
and tested with bacgropagation algorithm. The equality and inequality constraints are
considered while optimizing generati@theduling. The constant- ECoefficients are

used to fiml the transmission loss. The Boefficient method is simpland less time
consuming method to find transmission loss when compared to load flow technique. The

method igested with six thermal power plants. Résalre accurate and encouraging.
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CHAPTER 5

STANDARDS OF PERFORMANCE AS PER CERCFOR TARIFF
DETERMINATION

5.1 INTRODUCTION

The tariff poSuitableperpmancd ndrexsabetatioasttogdiher with
incentives and digcentives would need lexolved along witlappropriate arrangement for
sharingthegainoé f f i ci ent operatilotnsalws @ hplrntadases & e $ s tuhma b
where operations have been much below the norms for many prgegnssthe initial starting
point in determining the revenue requiremisand the improvement trajectories should be

recogni zedl avefisehadedot the Adesiredo | evel s

With the entry of private sector in power generation, the Sttwsed entering into Power
Purchase Agreements (PPAs) witie Independent Poweétroducers (IPPs). With a view to
maintain uniformity regarding operational parameters irPfRAs and also to guide the States in
this regard,comprehensive financial and operation norms were notifieth&®yGovernment of
India (GOI) in March, 1992. Theperationnorms prescribed byis notification were as under

PARAMETER UNIT/STATION NORMATIVE REMARKS
VALUE
UNIT HEAT RATE | ALL COAL FIRED UNITS | 2600 kcal/kWh To be reduced by
ggg:gg STABILIZATION 2500 kcal/kWh 40 k Cal/kwh for B0
SUBSEQUENT PERIOD MW units With

electrically operated
boiler feed pumps

SECONDARY FUEL | ALL COAL FIRED UNITS | 5 ml/kWh

OIL ng:gg STABILIZATION 3.5 ml/kWh
CONSUMPTION SUBSEQUENT PERIOD
AUXIL IARY 200 MW SERIES 9.5% 9.5% &9 %
ENERGY mm (():STOIC_g\IguTl\?ng%FiNER 9% for motor driven BFPs
CONSUMPTION 500 MW SERIES 8%
WITH COOLING TOWER 7.5%

WITHOUT COOLING TOWER
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5.2 SHR IMPROVEMENT

The heat rate of a conventional fodsiéled power plant is a measure ledw efficiently it
converts the chemitanergy contained in the fuel in®lectrical energy. This conversion is
accomplished in four major stepgsrst, the chemical energy in the fuel is converted into thermal
energy,then the thermal energy is converted into kinetic energy, then the keredigy is
converted in mechanical energy, and finally the mechamigargy is converted to electrical
energy. In each of these splocessessome energy is lost to the environment. Some of the fuel
is not burntcompletely, some of the thermal energydstlout of the stack and rejectexthe
cooling water, some of the kinetic and mechanical energy prodezgsinstead of electricity,
and lastly some of the electricity thaioduced is used by these gquincesses. The heat rate of
a power plant ishe amount of chemical energy that must be supplied to produce onef unit
electrical energy. If a power plant converted 100% of the chermiwatgy in the fuel into
electricity, the plant would have a heat rate of &68al/kWh. Alternatively, the requireahput
divided by the actual output, the reciprocal of the efficiency. Chemical energy is usually
measured irkilocalories (kcal) (or sometimes kilojoules, kJ) and electrical energsuslly
measured in kilowathours (kWh), the unit of heat rate is mally kcal/kWh (or kJ/kWh).

Key points for improving Heat Rate:
1 Heat rate improvements are possible at any plant, and at many tplantsprovement

can easily be in the range oRlpercentage points.

1 Heat rate improvement programme could be startaa;esdratingon one or two areas,
(i.e. condenser performance and/or bultmeancing) or by concentrating on one or two
activities (i.e.monitoring primary process indicators, testing, etc.)

1 Heat rate improvement must have the full support of the ptanagement.

T I mprovements do not Nnj ust h a p pneadeojyst td h e r

maintain current status, and even more effort expended to make improvements. Each

plant should have a detailed plan listing specific activities that are to bedcaurt to
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make improvements, and the plant must be reviewed periodically to ensure that the plan

is being carried out.

1 Heat rate improvement is a continuing process. It must becomefphg normal work
activities, it must be considered along with, aad par with, reliability, safety,
environmental concern, etc., when operating the unit, scheduling maintenance, and all

other routine activities.

1 The responsibility of heat rate improvement cannot be assignedetandividual or

organization but requirdhe active involvement of the all plant staff.

The following figure shows the SHfRend corresponding to unit 1, 2 & 3 for the month starting
from Januar ylhdt@endtstmwsM éagg®d devBdation in the SHR.

SHR Trends for Unit 1,2 &3 in (Kcal/KWh)

2,550

2,500

2,450

2,400

2,350

2,300

2,250
Jan'13 Feb'13 Mar'13 Apr'l3 May'13
EUnitl ®unit2 = unit3

FIG 17 SHR analysis of unit 1,2 & 3 fo the month from Jan to May 13
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5.2.1 Analysis of parameters of SHR
The analysis of various parameters which constitutes or affects the SHR of the plant for the

period of January to Mayo6l3.

! Less Than 300 MW 300-400 MW 400- 500 MW 500-600 MW

| Description Design | Unit-11| Unit-2 | Unit-3 | Unit-11| Unit-2 | Unit-3 | Unit-1 | Unit-2 | Unit-3 | Unit-1 | Unit-2 | Unit-3
Power GO0 | 278 | 277 | 268 | 356 | 338 | 366 | 441 | 456 | 443 | 515 | 509 | 535

' Total Coal Flow 410 | 326 | 201 | 226 | 326 | 247 | 261 | 328 | 323 | 303 | 328 | 333 | B

| Total Air Flow 383 | 360 | 1059 | 1218 | 384 | 1337 | 1423 | 101 | 1683 | 1583 | 1470 | 1356

| Condensate Flow 1424 | T34 | 145 | 750 | 309 | 660 | 934 | 1122 | 14 | 124 | 1278 | 1265 | 1357

| FeedWater Fow 18638 | 775 | 802 | 791 | 363 | 345 | 1002 | 1244 | 1201 | 1244 | 1577 | 1483 | 1520

|

|

|

|

Main Steam Flow

Main Steam Prassure

13t Stage Prescure

; Main Steam Temp %

HRH Temp

SHSpray

RH Spray
Feed Water Tempat ECO Inlet

Condenser Vaccum
Fo Temp at APH Qutlet

%0, as per Correction Curve
%0, 3t APH Inlet
%0, at APH Outlet

ffffffffffffffffff

FIG i Different parameters involved in SHR

These parameteishowed following problems associated with irregular/high SHR-rend
1 The deviation oEH Spray from design value to actual value is very high and consistent.
1 The deviation oRH Spray from design value to actual value is very high and

consistent.
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5.4  Auxiliary Power Consumption Reduction

The following figure shows trend of auxiliary power consumption of unit 1, 2 & 3 for the period
of Jané6l1l3 to Mayo6l3.

APC trend (%) for unit1,2&3

10 - 9.67

8.07 811 5 o

Jan'13 Feb'13 Mar'13 Apr'i3 May'13

EUnitl ®unit2 =unit3

FIG 1 APC trend of the unit 1,2 & 3 for the month from Jan to May 13

5.4.1 INITIATIVES F OR REDUCTION

Initiative for Auxiliary power consumption(APC) reduction

Opportunities Power Saving

S.NO | Area Identified Actions Taken (MWH/Year)
APH Seal replacement, FF replacement, Pen
1 BTG | ID fan optimization House modification, Peep holes gasket 6036

replacement

Mills hot air gate replacememPH seal
2 BTG | PA fan optimization replacement, Arrested leakage in PA duct and 4829
mills
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Stopping one seal air

Mill feeders sealing replacement, Millsa air

3 | BTG fan hollow roller gland replaced,IGV setting done, 1980
leakage arrested
Mills optimization on
4 BTG part loads Stopping 2 mills on part load 1107
5 BTG Stopping one CWP at | Running one CWP up to 520 MW depending ¢ 1584
part loads Vacuum
Vacwm pump
6 BTG optimization Stopping 1 Vacuum pumps on part load 871
7 AHP | Stopping 2 compressor Reduction of Conveying Air Pressure by 5069
replacing with PIP
g | anp | G€hopump running | increasing of Geho pump slurry density from 319
hour reduction 1.39 to 1.50
BA slurry pump VFD
9 AHP installation VFD installed in Bottom Ash slurry pump. 228
Stopping of one inline As we experienced there is no requirement of
10 | AHP urrl?p 9 Bottom ash makeup water cooling, so Inline 594
pump pump stopped.
1. Running of Paddle Feeder in 50%, logic
should be made accordingly.
2. Track hopper should always empty (mainta
Belt utilization for 20% level)
11 | CHP | bunkering from 37 to | 3. Weekly review of power consumption. 1703
58% 4. Route must be start after proper planning.
5. Reducing the e of empty running of
crusher.
6. Availability of compressor to be maintained
e Logic implemented as conveyor run extraction
12 | CHP dplz?c”g)l(??a::?itg:?z?efr%r system will run else dust extraction system is 1109
y stop condition.
Installation of Silica ge
breather in CW
13 | BTG discharge valve oll Avoiding of running external oil purifier 4
station (Installed in all the 3 units)
Dribble conveyor is provide to convey thedin
dust, small particle coal coming out from Apro
Running of dribble feeder. The same is in OR gate logic with Apr
14 | CHP | conveyor in opportunit feeder. 220
basis y P Y The guantity of fine dust / particle is small
amount, so it is better to run the Dribble
Conveyor in selective mode / opportunity basi
for saving ofenergy
Way forward for reduction in Aux Power consumption
Oppertunities : Power Saving
S.NO | Area Identified Actions Taken (MWH/Year)
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BTG

CW discharge header
interconnection

Interconnection between Unit 3 & €W
discharge header so that with 3 CW pumps bqg

the Unit can achieve full load operation. 38016
Unit1 & 2 and Unit 3
& 4 seal water and
BTG | OCCW discharge
header
interconnection Avoiding of running CWP, OCCW and CEP 5170
Installation of dosig
BTG | line in DP Pump to | Avoiding of running CWP, OCCW, CEP and
boiler filling line Booster pump(Installed only in Unit 1) 187
Service water return | Reducing of CT make pump running hours by
BTG line interconnection | diverting of service water return from gtdown
unit to running unit CT basin 0
BTG | ID Fan & CEP Installation of VFD in ID Fan & CEP 13281
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CHAPTER 6
PERFORM ACHIEVE & TRADE MECHANISM

6.1 INTRODUCTION

For successful implementation of energy conservation measures, it necessary to have basi
infrastructure like skilled man power, awarenesy] availabilityof required technology in the
market, accountability and target. Since the passing of Energy Conservation Act 2001, it took
almost ten years for the nodal authority BEE to create themmamibasic infrastructure required

for the implementation of energy conservation measures in Indian Industries by imparting
training to the industrial experts on the field of energy management and auditing, creating
awareness through media & workshop, mgkavailability of energy efficient equipment with

star rating labels.

Now the Indian industries are ready to accept the accountability & target mechanism since it has
become viable for bringing out the realistic result. And the nodal authority BEE loasezhthis
accountability & target mechanism for all the designated consumers under the name PAT
(Perform, Achieve & Trade) which will be in force for three years from 2012 to 2015.

During this PAT cycle designate consumers will have to achieve the,tasgeby the nodal
authority BEE based on the performance of the concerted industry. Simultaneously industries
covers under the PAT will be accountable for achieving or not achieving the target with financial
gain or loss by treading energy saving ceddiftcin the market.

Since the thermal power plants are the major consumers of the energy source, covering thesg
industries under PAT mechanism are bound to have direct impact on fossil fuel depletion rate,
annual capacity addition and environmental padlutas a result of improvement in the operating
efficiency of plant.

At the same time it is also the fact that in thermal power plant the space for energy conservation
between huge pressure for generation and tight maintenance schedule is so narrows that th
proposed energy conservation measures are always kept in the ice room. Now, when the
accountability and target mechanism (PAT) has been enforced, it is necessary for all thermal
power plants to widen the space for energy conservation not only for fahgaan but also for

the wider interest of the nation.
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Handling PAT scheme for thermal power plant is more complicated than other industries
because it involves mainly with heat exchanging process and the details knowledge on this
subject is known to theswho are not directly related to the operation and maintenance activities
of any thermal power plant.

6.2  How will PAT work?

Each DC will be given Specific Energy Consumption (SEC) target to meet over a period of three
years. Any additional savingill qualify for earning Energy Saving Certificates (ESCerts),
which could be traded, with DC's who could be short of targetss trade can be made

bilaterally or through exchange.

6.3 Impact of PAT

According to Government of India, the estimated siz¢hisf entire scheme will be about 700
Billion Indian Rupee®r approximately 16 Billion US Dollars and will lead to ®@lion tons of
GHG mitigation. BEE is setting up tlowerall framework for the scheme and Energy Efficiency
Services Limited (EESL) will worlas an implementatioand monitoring agency for the entire

scheme.

6.4  PAT Timelines

First target period of PATscheduled to start in Aprik0Ollc ame i nto effect
compliance period 2032015 Each target period is planned to be of threesyddarch 2014
would thus mark the conclusion of first targedriod. At the end of each target period, DC's
performance on SEC reduction will be assessed by fgarty auditors who will submit their
verification reports toEESL. Verification and allotmenof the first target periodvould be

completed post which the trading/delivery veitart on exchanges.
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ENERGY IS LIFE

CONSERVE IT

Review of Pregnt Energy Scenario &
|N DUSTRY | Bandwidth (Completed)
7y
EstablishBaseline
—>
A
Set Targets for SEC Reduction
%
\ 4
Achieve the Target Development ofBaseline Formats

with System Boundaries
Data Collection, Compilation & Analysis
Verification of Data

Trade the higher achieved

saving through E-Certs Verification Protocol

Technology Transfer, EE
Technology, R&M, R&D

FIG 127 PAT mechanism and structure
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6.5  Significant of the target heat rate
The target parameter is Net Heat Rate and it is related with other parameters as shown in the

following Fig

GCV Fuel
(Kcal / Kg)

| | Boiler Turbine Heat rate

Fuel input ALI\ Efficiency (%) _l\ (Kcal / Kwhr) 4> Gross Generation
(Kg) m/T v l (KWHR)

'L Gross Heat Rate
(Kcal / Kwhr)

% Auxiliary Power
¢ Consumption (%)

lNet Heat Rate (Target)
(Keal / Kwhr)

FIG 137 Setting up the Target Heat Rate

Net Heat ratevhich is the target heat rate, is the actual utilized heat energy (Kcal) for producing

one KWHR of electrical energy and it is expressed by the following formula

Target Heat Rate = [(Gross Heat Rate) BglLAPC)]

Gross Heat Rates the required heat engrdKcal) for producing one KWHR of electrical
energy and it is calculated by the following two methods

1. GHR (G t G) = [Fuel input (Ton) x GCV ( Kcal /Kg)] / [Gross Generation (MU) x 1000]

2. GHR( THR/BE) = [Calculated Turbine Heat rate] / [Calcul&eBoiler efficiency ]
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% Auxiliary Power Consumptios the consumption of total electrical energy (Unit + Station) by
the generation plant with respect to the total generation of electrical energy.

% APC = [Energy consumption (MU) by Unit + station Aimiles /Gross Generation (MU)]

x100 Since thermal power plant consumes both thermal (Coal/Lignite/Oil/Gas) and electrical
energy, Net Heat rate is considered as target for optimizing the uses of both thermal & electrical

energy.

6.6  Methodology adopted br setting target in PAT scheme
Target heat rate is calculated based on % deviation of the design heat rate from the operating

heat rate. The target heat rate can be calculate as per the following method

- % Deviation = [(0-D)/D] x100
(D) (0)
Deviation within 0- 5% Reduction of Heat rate
(0-D)x0.4
Design Present
Net Heat operating
Reduction of Heat rate
rate Deviation within 5%- 10% (0-D)x0.17 Net Heat
rate
o Reduction of Heat rate
Deviation within 10%- 20% (0-D) x0.21

FIG 147 Methodology for target setting

6.7 Interpretation of the heat rate performance

The CUSUM plot of Net heat rate, which is a function of Gross heat rate & % APC, is showing
little raising trend for last two years. But the % auxiliary consumption is showing lower trend for
last two years. Thefere it can be concluded that raising trend of net heat rate is not due to %

APC but for raising trend of gross heat rate.
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Gross heat rate is affected by the following reasons

l. Error in fuel quantity measuring

[l. Increase of Turbine heat rate

[1l. Decrease in Boiler efficiency

6.8  Decision Making

Review & correct
1 Fuel quantity
measuring
methodology
1 Boiler &
turbine
parameters
Determine operating Boiler efficiency 1 GCV of fuel

Calculated Gross heat rate
Yo @D o Q
6 £ QRWIOQLQQE @

Determine operating Tunbé Heat
rate

Is the
deviation
> 5%

Measure Quantity of fuel fired
Gate to gate Gross Heat Rate

00 @& B¢ ¢ 08 dOKHQ |
OGo6 pnnm

Determine average GCV of fuel Accept gate to gate
basis heat rare as

operating gross Heat
rate

FIG 1571 Decision making process under PAT
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Accepted operating Gross Heat ratf

Design Gross heat rate

Is the
deviation
> 5%

A 4

Identify the area for improvement
(Boiler Efficiency, Turbine Heat
Rate) by comparing with benchmar

data, initiate corrective acth and
establish actual operating gross he
rate

FIG 167 Decision making processl|

Corrected Gross Heat Rate

A 4

Identify the impact of aging on Boile
efficiency & Turbine heat rate by
comparing with design data and
establishes actual operating gross
Heat rate

Operating Net Heat Rate

€1 1 QBN e o
p bd0S

1. Reduce % APC
2. Operate unit at max load
3. Operate plant at max PLF

Actual % APC

Target Net Heat Rate

FIG 1771 Decision making proces- llI
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CHAPTER 7
ENVIRONMENTAL REGULATIONS

7.1 ENVIRONMENTAL STANDARDS FOR POWER PLANTS

A. Thermal Power Plant : Emission Standards

Generation Capacity Pollutant Emission Limit
Generation capacity 210 | Particulate matter 150 mg/Nm3
MW or more

Generation capacity less | Particulate matter 300Nm3
than 2D MW

Source: MOEF New Delhi Notification G.S.R.7. &ted 22.12.1998

Depending upon the requirement of local situation, such as protectedharetate Pollution
Control Boards and other implemergiagencies undehe Environment (Protection) Act, 1986,

may prescribe a limit of 150 mg/Nmi8iespective of generation capacity of the plant.

B. Thermal Power Plants : Stack Height/Limits

Generation Capacity Stack Height (Metres)
500 MW and above 275
200MW/210 MW and above to 220
less than 500 MW
Less than 200 MW/210 MW H= 14 @3where Q is emission rat

of SQin kg/hr, and H is Stack
height in meters, subject to a

minimum of 30 meters.

Source : EPA Notification
[G.S.R. 742(E), dt. 30th Aug; 1990]
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C. Liquid waste discharge limit

Parameter Maximum limit of concentration (mg/|
except for pH and temperature)
pH 6.58.5
Temperature As applicable for other thermal power plant
Free available chlorine 0.5
Suspended solids 100.0
Oil and grease 200
Copper (Total) 1.0
Iron (Total) 1.0
Zinc 1.0
Chromium (total) 0.2
Phosphate 5.0

Source: MOEF New Delhi Notification G.S.R.7. dated 22.12.1998

7.2 TEMPERATURE LIMIT FOR DISCHARGE OF CONDENSER COOLING
WATER FROM THERMAL POWER PLANT

1 New thermal power plants, which will be using water from rivers/lakes/reservoirs, shall
install cooling towers irrespective of location and capacity. Thermal power plants which

will use sea water for cooling purposes, the condition below will apply.

1 New projects in coatal areas using sea water.
The thermal power plants using sea water should adopt suitable system towatkrce

temperature at the final discharge point so that the resultant rise iantiperature of

receiving water does not exceed 7°C over and alloeeambienttenperature of the

receiving watebodies.

1 Existing thermal power plants.
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Rise in temperature of condenser cooling water from inlet to the outlet of condealier

not be more than 10°C.

1 Guidelines for discharge point:
The discharge paot shall preferably be located at the bottom of the water bodyidat
term for proper dispersion of thermal discharlyjecase of discharge of cooling water
into sea, proper marine outfall shall éesigned to achieve the prescribed standards. The
point of discharge may bgelected in consultation with concerned State Authorities/NIO.
No cooling water discharge shall be permitted in estuaries or near ecologeraiyive
areas such as mangroves, coral reefs/spawning and breeding groaqdataf fora and
fauna.
Source:MOEF New Delhi Notification G.S.R.7. dated 22.12.1998

7.3 UTILIZATION OF FLYASH

In order tomake mandatoryse of flyash based products by the brick kilns, Therfwder
Stations and CPWD & state PWDs, vide notification no. 768dEd Septembet4, 1999.

Ministry of Environment & Forest has issued directions

- Each coal or lignite based thermal power plant shall constitute a dispute settlement committee
which shall include the General Manager of the thermal power plant andeaaefative of the
relevant Construction and fly ash Brick Manufacturing Industry Association / Body, as the case
may be. Such a Committee shall ensure unhindered loading and transport of fly ash without any
undue loss of time. Any unresolved dispute shalldealt with by the concerned State or Union
territory Government level monitoring committee mentioned elsewhere in this notification.
-Thermal Power Plants shall annually submit an action plan for utilization of flyash

New Plants

30% within three yrd00% within 9 yrs

Existing Plants
20% within three yrs 100% within 15 yrs

Existing notification on utilisation of flyash was amended vide notification no $/O(E) ,
dated August 27, 20038y Ministry of Environment & Forests
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7.4 INITIATIVES OF VEDANTA F OR LESSER EMISSIONS AND BETTER

ENVIRONMENT

1 Online monitors for PMSO2,NOx & CO in all the stacks

1 Fabric filter for lesser emissions

1 Stack of 275 m height to ensuseder dispersion of emissions

7.5 WATER CONSUMPTION BY THERMAL POWER PLANTS IN INDIA
A rough estimate based on 192901 data fronCentral Pollution Control Board (CPCB)
states thabut of a total of about 83,000 million litres per d&L.D) of water discharged by
all the industries inindia, about 66,700 MLD (~80 per cent) is coolimgter dscharge from
the thermal power plant®uring the same period, it was estimated thatefegry MW of
power produced, Indian thermal powsants consumed about 80 m3 of water as compared

to less than 10 m3 water consumption in developg@ns. This is @inly attributed to the

oncethroughcooling system (open loop system)

Sector

Percentage of water consumed

Thermal power plants

B8r.87

Engineerng 5.05
Pulp and paper 226
Textiles 2.07
Steel 1.29
Sugar 0.49
Fertilizer 0.18
Others D.78
Total 100.00

Source Centre for Science and Environment. (Figures based on wastewater
dizcharge data publizhed by Central Pollution Control Board[ CPCB] in “Water
quality im India (status and trends) 1990—20017. fvailable online at http:/
www. cseindia.org/ dte-supplement,/industry20040215/ misuze_htm. Last
date of access: 22 October 201.2)

FIG 18- Industrial water use in India
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7.5.1 Process water use in power generation
Water is used for many purposes in a power pfargh as in the cooling tower, condensers, DM
(demineralizationplant, drinking water needs, firefightinggal handling, ash handling, service

water, and others.

7.5.2 Specific water consumption

Comprehensive information on the water consumptigpower plants in India is not readily
available in hepublic domain. However, a tentative study suggastexample (as shown in
Figure 2) of the brealip of specific water consumption of a cdased thermaower plant
with ash water recycling facilityit can be seen that cooling towers and ash handhaghe

major water consuming areas and accounabaut 70 per cent of the water use within the plant.

Cooling towers 1.5 (30%)
DM water 0.13 (2.6%)
Drinking water .32 (6.3%)
Coal handling 0.065 (1.3%)

Fire fighting 0.37 (7.3%)

Others 0.66(13%)

Ash handling 2 (40%)

FIG 19- Specific water consumption of a coal based thermal power plant in India

Source www.erergymanagertraining.com

Water is lost in following processes

1 Ash handling

1 Cooling tower

1 Township water supply

1 Cycles of concentration (CoC)

Water audit in two thermal power plants revealed that the CoC ranged between 2.0 and 3.5.

There is significant sge for improving the CoC initially to around %, and later to maybe
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http://www.energymanagertraining.com/

something higher (8 or even 10) by various interventions, including the use of stabilizing
chemicals and disinfectants, thus saving a large quantity of fresh water needed-ap.make

Wate is also lost in other phases of the powgenerationprocess. During the de
mineralizationandcoath andl|l i ng processes, w adtoewn O6i sa nldo so
leakages.

However,it is evidentfrom the aboveexplanationghatif careful and regulaaccounting
of water consumptiors internalized, significant water conservation camti@ieved on a regular
basis in the cooling towers, asandling system, firefighting system, drinking wagepply, and
wastewater discharges. However, in oreacheve this, regular and mandatory water audfts

the entire power plant is of foremost importance.
7.6 COSTIiBENEFIT: VARIOUS SCENARIOS

7.6.1 Recycling drain wastewater
Water audit of closedycle thermal power plants (about 3,000 MW capacity) revealsat an
immediateintervention of recycling drain wastewater can saeut 17.9 million m3/year with
an associated financishving of about 7.2 crore/year.

Source TERI policy brief report, De2012
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180 1729

Open cycle Clozed cycle Open cycle Closed cycle
[assumption
@40% more to
closed cycle)
Thermal power plant water Related cost of water
consumption (million m’/ year) (¥ fyear) in crores

B coclingtower [l Asthanding [ Total

FIG 20- Open-cycle versus closeaycle: Major water consumption areas and associated
cost in a coalbased thermal power plant (capacity 3,000 MW)
Note- Values are indicative and in case of opeaycle systemsyalues areassumed to be
about 40 per cent more than the closedycle system
Source TERI policy lrief report, Dee2012
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Waterconsumption (m /year)
(billion)
014+

012+
010+
0.08+4
0.06+4
0.04+
0.024

Coaling Ash Drinking  Wastewater Total
tower handling water recycling fram
plant and
residential colony

I Current actual waterconsumption
I Waterconsumption after water saving interventions

FIG 21-Potential reduction in water consumption

7.7 RECYCLING OF WATER USED IN ASH HANDLING AND REDUCTION IN
COOLING TOWER WATER CONSUMPTION
In the long term, including recycling of water usted ash handling as well as reductiin
specific waterconsumption of the cooling tower, a total of ab6Gtmillion m3/year could be
potentially saved with amassociated financial saving of about 26 crore/y{@gure & Table)
With reference to item 3 from Tablga simplecost benefit anbysis of recycling the wastewater
(ata conservative 80 per cent of about 60,000 m3/ddlieofvastewater generated) was carried
out as giverbelow:
1 Rate of fresh water procured from irrigatidepartment = 4/fh
1 Capital cost for setting up a@0LD recycling plant = 13 crore
1 Annual operation and maintenance (O&M) cfstluding cost of chemicals, manpower,
andelectricity) = 168 lakh (say 1.7 crore)
1 Annual savings on cost of procuring fresh wdt®r recycling the wastewater discharged

through drain) = 7.2rore.
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Table- Financial benefits of water conservation interventions

Sr. No. | Identified interventions Potential water saving Potential savings in
volume (million m3/year) | cost* (in crore/year)

1. Potential saving if specific 21.9 8.7
consumption of water in ®@oling
towers is reduced from 2.5t0 1.5

2. Potential saving if water lost in ash| 20.6 8.3
handling is recycled (about 70 per
cent)

3. Recycling wastewater from major 17.9 7.2
drains of plant (adopting zero
discharge)

4. Total (including plugging leakages 65.2 26.1
and recycling township STP
wastewater)

Note:* At the rate of current cost of procurement of freshwater intake

FIG 221 Financial benefitsof reduction in consumption

7.8 PAYBACK PERIOD

The payback period for the proposed wastewadatment and recycling system (ETP) = Capital
cost of proposed ETP (b)/ {Annual savings on costregshwater (dy Annual O&M cost(c)}
i.e., the payback period = 13/(71.2.7)= 2.36 years,e., less than 3 years.

7.8.1 NEED FOR ESTABLISHING WATER USE BENCHMARKS

The Central Pollution Control Board (CPCB) tst water quality standards for liquid effluents
fomcondenser cooling, botbwer obbbwwddwwd . aH
no standardfor water consumption. Wateise benchmagkhat take into consideration technical
feasibility, economic feasibility, and present social constrouist be established. This is to be

preceded bgxtensive water audits to enhance understandiay tife systems.
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79 BENEFITS OF WATER AUDITS

Water audits, thus, help in the development ofiregrated industrial water management
strategywhich optimizes efficient use of water, improwesater productivity, reduces losses, and
helps in identifying alternative methods of water conservatidin.reduces specific water

consumption and helps setting benchmarks.

There are three other benefits:
Policy relevance

1 Improving watetuse efficiency helps contribute tiee overall objectives of the National
Water Policy and National Water Mission.

1 Mandatirg regular water audits through a policirective would ensure dynamic
assessment of theateruse efficiency in the sector and help regulatel improve the
water usage in the power sector a reattime basis.

Financial benefits

1 Interventions identifiedhrough water auditwill require capital investments. However,
in most of the cases, such investments wdult in considerable savings in the cost of
procurement of freshwater with short paybgwriods, thus, making it an excellent
financially sensibé proposition.

1 Plants with prior informed and incremeniavestment in wateefficient policies and
technologies will benefit more compared to others.

Co-benefits
The most manifest ebenefit of water audits is theonservation of energy and consequent

monetarysavings, given that watés a critical part of the energpalue chain.
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7.0 COMMERCIAL UTILIZATION OF FLY ASH

The ash utilization has been deliberated at various different forum and at alkletredCentral,
State Govts., Power Utilities, theal power plants and atlbboncerned user groups, agencies etc.
All Power Utilities and Thermal Powd?lants are to plan & implement ash utilization targets,
keeping in view long termatrategies on sustainable basis. The ash utilization is a priority

The a# utilization is required to be carried out at all the coal and lignite ktasechal power
plants that are emitting ash and it needs to be carried out byragdicts that are under
construction, renovation, modernization and those aptekminary stag of investigation and
infrastructure development within 100kradial distance and if necessary, ash utilization may
also be carried out beyord@®0km radial distance.

The important areas of ash utilization are indicated below:

i) Building Sector for use ibricks, blocks, tiles, cement, concrgigster, etc.

i) Land reclamation, filling low lying areas, raising ground levels.

iii) Roads, embankments, ash dykes, road blocks, kerb stones, etc.

iv) Agriculture and wasteland area development.

v) Hydro Sector Irrigation, dains, water supply & drainagkning of rivers, tributaries, canals,
minors, sukminors etc.

vi) Mine filling.

vii) Industrial applications & high value areas.

viii) Roller compacted dams, pavements, roads etc.

ix) Special use for ash e,gollecting cenospheres from floating ash.
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SUGGESTIONS & RECOMMENDATIONS

T

SHR trend shows high variations from design value asdanalysis shows major
problems associated with SH & RH spray with a huge deviation.

APC is more than the standaralwe recommended by CERC. Actions are being taken by
the respective departments to bring it down. Continuations of these efforts are necessary.
PAT Mechanism is very beneficial for thermal power plants which produce dual benefit
of process improvement aeilvas monetary benefibtnplementation of PAT is a way to
spend less and earn more.

Power plant is withessing major construction work. More fly ash could be utilized there
as it is under regulatory compliance.

Regular water audits with some process modtfon could come up with monetary
benefits (FIG22).
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